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Abstract
Knowledge of the intracellular location of a protein can provide useful insights into its function. Bioinformatic
studies have predicted that the DEV pUL38 mainly targets the cytoplasm and nucleus. In this study, we obtained
anti-pUL38 polyclonal sera. These antibodies were functional in western blotting and immunofluorescence in DEV-
infected duck embryo fibroblasts (DEFs). pUL38 was expressed as a 51-kDa protein from 8 h post-infection onward,
initially showing a diffuse distribution throughout the cytoplasm, and later in the nucleus. Furthermore, pUL38
was found in purified virus. These results provide the first evidence of the kinetics of expression and intracellular
localization of DEV pUL38.
Findings
Duck enteritis virus (DEV) is a natural pathogen of
ducks and causes duck viral enteritis, an acute, conta-
gious, and lethal disease affecting waterfowl belonging
t ot h ef a m i l yA n a t i d a e[ 1 ] .D E Vi sam e m b e ro ft h e
family Herpesviridae. The DEV virion is enveloped, and
the genome consists of double-stranded DNA segments
packaged in an icosahedral capsid [2]. The gene library
of the DEV CHv strain was constructed in our labora-
tory, and more than 72 major open reading frames
(ORFs) were found [3], coding for enzymes, structural
proteins, and scaffolding proteins. However, the func-
tional characteristics of most of these proteins are still
unknown. To date, only the kinetics of expression and
intracellular location of pUL24 [4], pUL31 [5,6], pUL51
[7,8], pUS3 [9], and dUTPase [10] have been investi-
gated. Using bioinformatic tools, some putative glyco-
proteins and enzymes of the virus were characterized,
such as gC [11], gE [12], gI, gD [13], and helicase pUL5
[14]. The identity of other components remains obscure.
The DEV pUL38 protein has been suggested to be a
putative structural protein. Computational predictions
have revealed that DEV pUL38 mainly targets the cyto-
plasm and nucleus [15]. Immunological assays are an
essential part of studies aimed at determining the
kinetics of expression and the cellular location of DEV
pUL38 in vitro. In this study, we obtained rabbit anti-
pUL38 polyclonal sera, which were shown to be func-
tional in immunofluorescence and western blotting
assays.
The DEV CHv strain used throughout this study was
grown in duck embryo fibroblast (DEF) cells. Cell cul-
tures were maintained in modified Eagle’sm e d i u m
(MEM) supplemented with 10% fetal bovine serum
(FBS) and antibiotics [16]. In a previous study, we had
amplified the ORF of pUL38 (1398 bp) from the DEV
genome [15]. The amplified product was cloned between
the BamHI and XhoI sites of a pET32(+) plasmid, and a
pET32-pUL38 plasmid construct was created.
Escherichia coli BL21(DE3) was transformed with the
recombinant construct, and protein expression was
induced with 1 mM IPTG at 37°C for 4 h. The bacterial
proteins were analyzed by 12% SDS-PAGE under dena-
turing conditions. Protein bands were visualized after
staining with 0.1% Coomassie blue R250, and the protein
concentration was determined using the software pro-
gram BandScan 5.0 [17]. The recombinant pUL38 was
successfully expressed in the transformed cells (Fig. 1).
The expressed recombinant pUL38, however, was
trapped in inclusion bodies. The cells were harvested
by centrifugation and resuspended in 20 mM Tris buf-
fer (pH 8.0). The cells were later lysed by using lyso-
zyme (0.1 mg/mL) at 4°C for 1 h and sonicated on ice
for 5 min at an amplitude of 30% with a 30-s pulse
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20 min at 4°C. The pellet was washed twice with 2 M
urea containing 50 mM Tris buffer (pH 8.0), 1 mM
EDTA, 150 mM NaCl, and 0.1% Triton X-100. The
suspension was centrifuged at 10,000 × g for 20 min at
4°C, and then the resulting precipitate was resus-
pended in regeneration buffer containing 6 M urea,
0.5 M NaCl, 20 mM Tris-HCl (pH 7.9) and incubated
at room temperature (25°C) for 30 min. The incubated
mixture was then centrifuged at 10,000 × g for 20 min.
To further purify the proteins, the supernatant was
then poured onto a purification column and allowed to
bind for 1 h with gentle shaking. The recombinant
His-tagged proteins were purified from the above
supernatant by immobilized metal affinity chromato-
graphy (IMAC) on a Ni-NTA affinity resin (Bio-Rad,
California, USA) according to the protocol of Cai et al.
[18]. Finally, homogeneity of the proteins was verified
by an SDS-PAGE assay (Fig. 1).
Preimmune serum was collected. New Zealand white
rabbits were first immunized intradermally with a mix-
ture of 1 mg purified recombinant pUL38 protein and
an equal amount of complete Freund’s adjuvant (Sigma,
Shanghai, China). After 2 weeks, the rabbits were
boosted twice subcutaneously with the same amount of
recombinant pUL38 protein and an equal amount of
incomplete Freund’s adjuvant at a 1-week interval. Two
weeks after the last immunization, the antiserum was
harvested from the carotid artery.
To determine the kinetics of pUL38 expression, DEF
cells were infected with DEV. Cell lysates were prepared
at 2 h, 4 h, 8 h, 12 h, 24 h, and 48 h post-infection (h.p.
i). The DEV pUL38 protein was detected using rabbit
polyclonal antibodies specific to the pUL38 protein. As
seen in Fig. 2A, DEV pUL38 (molecular mass, approxi-
mately 51 kDa), was detectable in DEF cells as early as
8 h.p.i. The pUL38 expression increased over time and
reached a maximum at approximately 48 h.p.i; this
Figure 1 Expression and purification of the DEV pUL38. SDS-PAGE of the expressed peptide in E. coli BL21 (DE3) is shown. M Marker; 1 the
total cell proteins uninduced with IPTG; 2 the total cell proteins induced with IPTG; 3 the insoluble fraction after purification with IMAC. The
black arrow points to the recombinant pUL38 (approximately 70 kDa).
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the viral replication cycle. The expression of Herpesviri-
dae genes is temporally controlled and coordinated in a
cascade fashion [19]. Immediate-early (a) transcripts are
expressed first, and the proteins encoded by these
mRNA species are required for the subsequent expres-
sion of all other kinetic classes of viral genes. Delayed-
early (b) genes, many of which encode proteins involved
in the replication of the viral genome, are maximally
expressed before or at the peak of DNA replication and
are then switched off. Late transcripts (g) are maximally
expressed only after the onset of viral DNA replication
and encode proteins involved in virion assembly. As
reported in previous studies, 2 identified immediate-
early products, namely, protein kinase pUS3 and dUT-
Pase, were first detected at 2 h.p.i. and 4 h p.i. respec-
tively [9,10]. In contrast, 2 identified late products–
tegument protein pUL31 and pUL51–were first detected
at 6 h.p.i. and 8 h.p.i., respectively [5,8]. Hence, we
concluded that pUL38 may be a late gene product and
may be a part of virion architecture.
To confirm the intracellular distribution of pUL38,
DEF cells were plated on coverslips and infected with
DEV at an MOI of 5. The cells were processed at 8 h,
18 h, 30 h, and 56 h.p.i., and pUL38 was detected
using pUL38-specific antibody and fluorescein isothio-
cyanate (FITC)-conjugated secondary antibody. As can
be seen in Fig. 2B, the pUL38 distribution pattern
appeared to change over the course of DEV infection.
At 8 h.p.i., pUL38 was expressed diffusely throughout
the cytoplasm of cells. At 18 h.p.i., it was detected
close to the nucleus and showed a fine speckled pat-
tern. At later times following infection (30 h), the
pUL38 protein was localized in very fine punctate
forms dispersed throughout the nucleus of infected
cells. These results suggest a putative change in the
intracellular localization of pUL38 during the course of
DEV infection.
Figure 2 Kinetics of expression and immunolocalization of the DEV pUL38 in infected DEF cells. A Western blot of lysates from mock-
infected or DEV-infected DEF cells with polyclonal antibodies specific to pUL38 protein, showing that pUL38 is expressed as a 51 kDa protein
from 8 h onward following infection. B Immunofluorescence detection of pUL38 in mock-infected (a) or DEV-infected DEF cells at 8(c), 18(d), 30
(e) and 56 h(f) post-infection. Cells were incubated with preimmune serum(b) pUL38-specific antibody and subsequently stained with fluorescein
isothiocyanate (FITC)-conjugated secondary antibody. Nuclei were counterstained with DAPI (blue).
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gated the possibility of this protein being incorporated
into DEV virions by probing the western blots of highly
purified virions. The extracellular virions were collected
from culture media harvested at 48 h.p.i. Virus particles
were purified by sucrose density-gradient centrifugation
[2]. The purified DEV virions were separated by SDS-
PAGE, and western blots were performed with rabbit
antisera against the pUL38 protein. A protein band cor-
responding to the molecular weight of 51 kDa was
clearly seen in the blots (Fig. 3). This result suggests
that pUL38 is a component of DEV virions.
In most herpesviruses, after assembly of the capsid
and packaging of the viral genome–a process that
occurs in the nucleus–the nucleocapsid is translocated
to the cytoplasm [20]. For final maturation within the
cytoplasmic tegument, components associate with the
translocated nucleocapsid, with themselves, and with the
future envelope; this results in the formation of an
infectious herpes virion. However, there are 2 assembly
pathways in DEV infection in both the cytoplasm and
the nucleus [21]. The majority of nucleocapsids acquire
teguments in the nucleus, which are enveloped by the
inner nuclear membrane, after which mature viruses are
released into the cytoplasm. However, there are some
nucleocapsids that first assemble autocatalytically in the
cytoplasm, and then acquire the cytoplasm tegument
components. At later times following infection, pUL38
localized in the nucleus of infected cells and was not
detectable in the cytoplasm. The results suggested that
pUL38 may be an internal component of the DEV
nucleocapsid and may be involved in stabilizing the
capsid.
Acknowledgements
The research was supported by grants from the Changjiang Scholars and
Innovative Research Team in University (PCSIRT0848), the earmarked fund for
Modern Agro-industry Technology Research System (nycytx-45-12).
Author details
1Avian Diseases Research Center, College of Veterinary Medicine of Sichuan
Agricultural University, Yaan, Sichuan 625014, China.
2China Rural Technology
Development Center, Beijing, 100045, China.
3Key Laboratory of Animal
Diseases and Human Health of Sichuan Province, Yaan, Sichuan 625014,
China.
4Epizootic Diseases Institute of Sichuan Agricultural University, Ya’an,
Sichuan 625014, China.
Authors’ contributions
JX, GPM and SCZ carried out most of the experiments and drafted the
manuscript. ACC, MSW, DKZ, RYJ, QHL, ZLC and XYC helped in experiments
and drafted the manuscript. All authors read and approved the final
manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 30 May 2010 Accepted: 17 July 2010 Published: 17 July 2010
References
1. Fadly AM, Glisson JR, McDougald LR, Nolan Lk, Swayne DE: Duck Virus
Enteritis. Diseases of Poultry American, Wiley-BlackwellSaif YM , 12 2008,
384-393.
2. Guo Yufei, Cheng Anchun, Wang Mingshu, Zhou Yi: Purification of anatid
herpesvirus 1 particles by tangential-flow ultrafiltration and sucrose
gradient ultracentrifugation. J Virol Methods 2009, 161:1-6.
3. Cheng Anchun, Wang Mingshu, Wen Ming, Zhou Weiguang, Guo Yufei,
Jia Renyong, Xu Chao, Yuan Guiping, Liu YiChen: Construction of duck
enteritis virus gene libraries and discovery, cloning and identification of
viral nucleocapsid protein gene. High Technology Lett 2006, 16:948-953.
4. Jia Renyong, Wang Mingshu, Cheng Anchun, Zhu Dekang, Ge Han,
Xin Hongyi, Guo Yufei, Qi Xuefeng, Chen Xiaoyue: Cloning, expression,
purification and characterization of UL24 partial protein of duck enteritis
virus. Intervirology 2009, 52:326-334.
5. Xie Wei, Cheng Anchun, Wang Mingshu, Chang Hua, Zhu Dekang,
Luo Qihui, Jia Renyong, Chen Xiaoyue: Expression and characterization of
the UL31 protein from duck enteritis virus. Virol J 2009, 6(19).
6. Xie Wei, Cheng Anchun, Wang Mingshu, Chang Hua, Zhu Dekang,
Luo Qihui: Molecular cloning and characterization of the UL31 gene
from duck enteritis virus. Mol Bio Rep 2009, 37:1495-1503.
7. Shen Chanjuan, Guo Yufei, Cheng Anchun, Wang Mingshu, Yi Zhou,
Lin Dan, Xin Hongyi, Na Zhang: Characterization of subcellular localization
of duck enteritis virus UL51 protein. Virol J 2009, 6(92).
8. Shen Chanjuan, Guo Yufei, Cheng Anchun, Wang Mingshu, Zhou Yi,
Lin Dan, Xin Hongyi, Zhang Na: Identification and characterization of the
duck enteritis virus UL51 gene. Arch Virol 2009, 154:1061-1069.
9. Xin Hongyi, Cheng Anchun, Wang Mingshu, Jia Renyong, Shen Chanjuan,
Chang Hua: Identification and characterization of a duck enteritis virus
US3-like gene. Avian Dis 2009, 53:363-369.
Figure 3 The association of DEV pUL38 with purified virions.
Virus particles were collected from culture medium harvested at 48
h.p.i. and purified. Purified virions were lysed in SDS sample buffer,
separated by SDS-PAGE, stained with Coomassie brilliant blue (lane
1), and then analyzed by western blotting with the UL38 antiserum
(lane 2). Molecular mass marker sizes are shown on the left.
Xiang et al. Virology Journal 2010, 7:162
http://www.virologyj.com/content/7/1/162
Page 4 of 510. Zhao Lichan, Cheng Anchun, Wang Mingshu, Yuan Guiping, Jia Renyong,
Zhou Dengchun, Qi Xuefeng, Ge Han, Sun Tao: Identification and
characterization of duck enteritis virus dUTPase gene. Avian Dis 2008,
52:324-331.
11. Liu Fengyuan, Ma Bo, Zhao Yan, Zhang Yang, Yi Wu Han, Liu XiaoMei,
Wang JunWei: Characterization of the gene encoding glycoprotein C of
duck enteritis virus. Virus Genes 2008, 32:328-332.
12. Chang Hua, Cheng Anchun, Wang Mingshu, Guo Yufei, Xie Wei,
Lou Kunpeng: Complete nucleotide sequence of the duck plague virus
gE gene. Arch Virol 2009, 154:163-165.
13. Zhao Yan, Wang JunWei: Characterization of duck enteritis virus US6, US7
and US8 gene. Intervirology 2010, 53:141-145.
14. Pan Huaqi, Cao Ruibing, Liu Lei, Niu Mingfu, Zhou Bin, Chen Puyan,
Hu Jiangchun: Molecular cloning and sequence analysis of the duck
enteritis virus UL5 gene. Virus Res 2008, 136:152-156.
15. Xiang Jun, Cheng Anchun, Wang Mingshu: Molecular cloning and
sequence analysis of the duck enteritis virus nucleocapsid gene(UL38).
Proceedings of the 2nd International Conference on Biomedical Engineering
and informatics: 17-19 October 2009, IEEE Tianjin, ChinaRiyi Shi 2009,
1874-1880.
16. Guo Yufei, Shen Chanjuan, Cheng Anchun, Wang Mingshu, Zhanga Na,
Chena Shun, Zhou Yi: Anatid herpesvirus 1 CH virulent strain induces
syncytium and apoptosis in duck embryo fibroblast cultures. Vet
Microbiol 2009, 138:258-265.
17. Gunasekera RS, Damodaran H, Rajakarunanayake Y, Hyland K: The
significance of linearity of quantities in electrophoresed and blotted
materials demonstrated by BandScan-an analytical program. Proceedings
of the Computational Systems Bioinformatics Conference: 08-11 August 2005,
California Martin: IEEEDanielle C 2005, 277-282.
18. Cai Mingsheng, Cheng Anchun, Wang Mingshu, Zhao Lichan, Zhu Dekang,
Luo Qihui, Liu Fei, Chen Xiaoyue: His6-tagged UL35 protein of duck
plague virus: expression, purification, and production of polyclonal
antibody. Intervirology 2009, 52:141-151.
19. Honess RW, Roizman B: Regulation of herpesvirus macromolecular
synthesis. I. Cascade regulation of the synthesis of three groups of viral
proteins. J Virol 1974, 14:8-19.
20. Mettenleiter TC, Klupp BG, Granzow H: Herpesvirus assembly: An update.
Virus Res 2009, 143:222-234.
21. Yuan Guiping, Cheng Anchun, Wang Mingshu, Liu Fei, Han Xiaoying,
Liao Yonghong, Xu Chao: Electron microscopic studies of the
morphogenesis of duck enteritis virus. Avian Dis 2005, 49:50-55.
doi:10.1186/1743-422X-7-162
Cite this article as: Xiang et al.: Expression and intracellular localization
of duck enteritis virus pUL38 protein. Virology Journal 2010 7:162.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Xiang et al. Virology Journal 2010, 7:162
http://www.virologyj.com/content/7/1/162
Page 5 of 5